Standard Model Derivation from a 4-d Pseudo-Conformal Field Theory by Ragiadakos, C. N.
ar
X
iv
:1
80
5.
11
96
6v
2 
 [p
hy
sic
s.g
en
-p
h]
  1
3 N
ov
 20
18
Standard Model Derivation from a 4-d Pseudo-Conformal Field
Theory
C. N. RAGIADAKOS
email: ragiadak@gmail.com
ABSTRACT
The pseudo-conformal field theory (PCFT) is a 4-d action, which depends
on the lorentzian Cauchy-Riemann (LCR) structure. Like the 2-d Polyakov
action, it does not depend on the metric tensor and it admits infinite num-
ber of conservation laws, therefore it may be considered as the 4-d analogue of
the 2-d string action. But the invariance under the pseudo-conformal transfor-
mations (in the terminology of E. Cartan and Tanaka) imposes in the action
the existence of a gauge field instead of the scalar field of the Polyakov action.
In PCFT the gauge field has a special confining propagator, therefore it must
be identified with the gluon field. The tetrad of the LCR-structure defines a
class of metrics and a corresponding class of self dual 2-forms. The metric gen-
erates the Einstein gravity. In the linearized Einstein gravity approximation,
the Bianchi identities permit the definition of the conserved energy-momentum
and angular momentum quantities. A massive and a massless LCR-manifolds
are found, which admit the time-translation and z-rotation as automorphisms,
hence they belong to representations of the Poincare´ group. The self-dual 2-
form of the massive LCR-structure is closed implying the existence of the charge
conserved quantity. The two conjugate LCR-structures have g=2 gyromagnetic
ratio and opposite charges, suggesting to identify them with the electron and
positron particles. The massless LCR-manifold does not have a charge, suggest-
ing its identification with the neutrino. The LCR-structure formalism provides
these two particles separated into left and right handed chiral parts. Using
their currents and the corresponding fields as correspondence principles in the
Bogoliubov-Medvedev-Polivanov (BMP) S-matrix computational procedure, we
exactly find the standard model lagrangian for the electromagnetic, weak and
Higgs interactions. The relation between the masses and the coupling constants
are implied by the requirement to have a renormalizable lagrangian. The BMP
procedure generates counterterms, which make the final lagrangian to look like
a spontaneously broken U(2) gauge theory. That is, the broken internal sym-
metry picture is essentially an artifact, which is caused by the existence of the
electron and neutrino stable solitonic LCR-manifolds. But the derived strong
interactions are completely different. In PCFT the gluon field has a confin-
ing propagator, which is completely different to the conventional Yang-Mills
propagator.
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1 INTRODUCTION
It is well known that 4-dimensional generally covariant lagrangian models, based
on riemannian geometry, are not renormalizable. Even if they are endowed
with the Weyl symmetry, they turn out not to be compatible with quantum
mechanics, because of the emergence of the product of two Weyl tensors. It is
well understood that lagrangians with second order derivatives generate negative
norm states in the Hilbert space. Hence we have to look for metric independent
lagrangians, which are not topological.
The original idea[21],[27] to study (Cauchy-Riemann) CR-structure depen-
dent field theories emerged from the observation that the Polyakov string action
IS =
1
2
∫
d2ξ
√−γ γαβ ∂αXµ∂βXνηµν (1.1)
does not essentially depend on the metric γαβ of the 2-dimensional surface,
because in the light-cone coordinates (ξ−, ξ+) it takes the metric independent
form
IS =
∫
d2z ∂−Xµ∂+Xνηµν (1.2)
which is not a topological lagrangian. This metric independence is based on
the fundamental property of the 2-dimensional riemannian manifolds to admit
a coordinate system (ξ−, ξ+) such that ds
2 = 2γdξ+dξ−. This metric inde-
pendence of the action, without being topological, is the crucial property of the
Polyakov action, which should be transferred to four dimensions and not the
simple Weyl invariance. That is, the four dimensional analogous symmetry has
to be a form of pseudo-conformal symmetry (Cauchy-Riemann structure) and
not the conventional Weyl symmetry.
Four dimensional spacetimes cannot generally take the form (1.2). Only
metrics which admit two geodetic and shear free null congruences ℓµ∂µ, n
µ∂µ
can take[9],[10] the analogous form
ds2 = 2g
aβ˜
dzαdzβ˜ , α, β˜ = 0, 1 (1.3)
where zb = (zα(x), zβ˜(x)) are generally complex coordinates. In this case we
can write down the following metric independent Yang-Mills-like action
IG =
∫
d4z
√−ggαα˜gββ˜FjαβFjα˜β˜ + c.c. =
∫
d4z Fj01Fj0˜1˜ + c. c.
Fjab = ∂aAjb − ∂aAjb − γh fjikAiaAkb
(1.4)
which depends on the CR-structure coordinates but it does not depend on the
metric.
Notice the similarity of this 4-dimensional action with the 2-dimensional
Polyakov action (1.2). In the place of the ”field” Xµ, which is interpreted as
the background 26-dimensional Minkowski spacetime in string theory, we now
have a gauge field Ajν , which we have to interpret as the gluon, because the field
equations generate a linear potential instead of the Coulomb-like (1
r
) potential
of ordinary Yang-Mills action.
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The present action is based on the lorentzian CR-structure[30], which is
determined by two real and one complex independent 1-forms (ℓ, n,m,m), which
satisfy the relations
dℓ = Z1 ∧ ℓ+ iΦ1m ∧m
dn = Z2 ∧ n+ iΦ2m ∧m
dm = Z3 ∧m+Φ3ℓ ∧ n
(1.5)
where the vector fields Z1µ , Z2µ are real, the vector field Z3µ is complex,
the scalar fields Φ1 , Φ2 are real and the scalar field Φ3 is complex. This
structure essentially replaces the riemannian structure of the spacetime in the
Einstein general relativity. The form (1.5) is completely integrable via the (holo-
morphic) Frobenious theorem, which implies that the lorentzian CR-manifold
(LCR-manifold) is defined[1] as a 4-dimensional real submanifold of C4 deter-
mined by four special (real) functions,
ρ11(z
α, zα) = 0 , ρ12
(
zα, zα˜
)
= 0 , ρ22
(
zα˜, zα˜
)
= 0 (1.6)
where ρ11 , ρ22 are real and ρ12 is a complex function and z
b = (zα, zα˜), α = 0, 1
are the local structure coordinates in C4. Notice the special dependence of the
defining functions on the structure coordinates. They are not general functions
of zb. The separation of chiralities in the standard model is caused to this
property. The LCR-structure is more general than the riemannian structure of
general relativity and permits the invariance of the set of solutions to the pseudo-
conformal transformations (in the E. Cartan and Tanaka terminology)[4].
The action (1.4) takes the following generally covariant form
IG =
∫
d4x
√−g {(ℓµmρFjµρ) (nνmσFjνσ) + (ℓµmρFjµρ) (nνmσFjνσ)}
Fjµν = ∂µAjν − ∂νAjµ − γ fjikAiµAkν
(1.7)
where we have to consider the additional action term with the integrability
conditions on the tetrad
IC = −
∫
d4x {φ0(ℓµmν − ℓνmµ)(∂µℓν)+
+φ1(ℓ
µmν − ℓνmµ)(∂µmν) + φ0˜(nµmν − nνmµ)(∂µnν)+
+φ1˜(n
µmν − nνmµ)(∂µmν) + c.conj.}
(1.8)
These Lagrange multipliers introduce the integrability conditions of the tetrad
and make the complete action I = IG + IC self-consistent and the usual quan-
tization techniques may be used[24]. The action is formally renormalizable[26],
because it is dimensionless and metric independent. Its path-integral quanti-
zation is also formulated[31] as functional summation of open and closed 4-
dimensional lorentzian CR-manifolds in complete analogy to the summation of
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2-dimensional surfaces in string theory[20]. These transition amplitudes of a
quantum theory of LCR-manifolds provides the self-consistent algorithms for
the computation of the physical quantities. But unfortunately, I have not yet
found a method to compute these functional integrals, therefore I will use a
”solitonic” technique[23],[25], which appears in the linearized Einstein gravity
approximation. The present paper should be considered as a continuation of the
last one[31], which will be called [paper I]. In this [paper I] the reader may find
a review of the (lorentzian) LCR-structure[30], which is the fundamental math-
ematical structure of the present pseudo-conformal field theory (PCFT). The
properties of this structure will be used in the present work without proof, in
order to facilitate the understanding of the general framework of the procedure.
The LCR-structure defining tetrad is invariant under the following tetrad-
Weyl transformations
ℓ′µ = Λℓµ , n
′
µ = Nnµ , m
′
µ =Mmµ
ℓ′µ = 1
N
ℓµ , n′µ = 1Λn
µ , m′µ = 1
M
mµ
(1.9)
with non-vanishing Λ , N , M . I point out that we have not yet introduced a
metric. The tetrad with upper and lower indices is simply a basis of tangent and
cotangent spaces. But the tetrad does define a class [gµν ] of symmetric tensors
gµν = ℓµnν + ℓνnµ −mµmν −mνmµ (1.10)
Every such tensor may be used as a metric to build up the riemannian geometry
of general relativity, because its local signature is (1,−1,−1,−1). But this form
always admits two geodetic and shear free null congruences and hence it does
not cover all the metrics of general relativity. I think that this restriction will
not cause any phenomenological problem to the model, because all the known
gravitational objects do admit such congruences. Besides, notice that the tetrad-
Weyl symmetry (1.9) is larger than the well known metric-Weyl symmetry of
the quadratic Weyl tensor lagrangian. Because of these symmetries the PCFT
is renormalizable[26].
If this class of metrics contains the Minkowski metric, the corresponding
LCR-structure will be called flat. Besides, note that the general definition of
null tetrads, which satisfy the form (1.10) with a precise metric is invariant
under the SO(1, 3) local transformations[?], but all of them do not define a
LCR-structure (1.5).
The conventional solitons[8] are defined as classical solutions with finite mass
determined via the energy-momentum conserved current, which Besides, are
”protected” to deform to the vacuum configuration by topological invariants.
In the present context the soliton is a LCR-manifold which in the linearized
Einstein (gµν) gravity approximation has finite mass computed from the con-
served gravitational source. The LCR-structure is ”protected” by topological
invariants and/or its relative invariants defined[30],[29] from the non-vanishing
of Φi.
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The linearized Einstein gravity approximation[14] is essential, because it also
decouples the graviton, viewed as a Poincare´ symmetric potential, generated
by a source, which appears as singularity in the Bateman-Penrose formula[18].
The other standard model potentials (electromagnetic, weak interactions and
Higgs) will be defined in the same way. But we cannot finally include gravity
in the effective quantum field theory, because it destroys its renormalizability.
The construction of the effective quantum field model will be performed using
the Bogoliubov-Medvedev-Polivanov (BMP)[?],[3] axiomatic framework. The S-
matrix is function of the free effective fields and it is constructed order by order.
Starting from the classical interaction (correspondence principle) the effective
QFT will be built up introducing the necessary additional terms and conditions
such that the final action to be renormalizable. The final result is the standard
model action with an essential difference in its hadronic part, where the gluon
propagator will be the ([?]), replacing quantum chromodynamics and providing
a better understanding of confinement and the hadronization process.
In order to make things as simple as possible I will proceed step by step. In
section II, the linearized Einstein gravity approximation is described and the
graviton and its source current is defined. In section III, the degenerate LCR-
structure will be studied, which is assumed to be the vacuum[31] of the effective
QFT. I repeat this analysis, already done in [paper I], in order to make clear not
only the vacuum conservation of the Poincare´ group, but also the deep LCR-
structure origin of the chirality, which is fundamental in the standard model.
The left and right separation of the infinite group of pseudo-conformal transfor-
mations (in the E. Cartan and Tanaka terminology) is a fundamental property
of the LCR-structure. In section IV, the static LCR-manifold is explicitly de-
rived, which is identified with the electron. Its complex conjugate is identified
with the positron, because they are found to have opposite charges. The elec-
tromagnetic potentials are defined by a self-dual 2-form, which happens to be
integrable. The photon interacts with the electron and positron currents with
opposite charges. A subsection is devoted to describe the BMP procedure. No-
tice that this procedure is at the basis of often construction of effective QFT
models in condensed matter too. The emergence of the electromagnetic inter-
action is essentially based on the irreducible quadratic surface of CP 3, which
defines the static LCR-structure. The emergence of the left and right chiralities
in the homogeneous coordinates of grassmannian manifold G4,2 of the lines of
CP 3. In order to have a physical intuition through all the mathematical steps,
I will use the generally complex Newman trajectories[15],[16] to determine the
LCR-structure.
In section V, the massless stationary LCR-structure, determined from a
reducible quadratic Kerr polynomial, is computed. It has a clear asymmetry
between the left and right handed parts of the G4,2 homogeneous coordinates.
This LCR-structure is identified with the neutrino, because only its left-handed
part is not degenerate (trivial), while the right part is that of the trivial vacuum.
Besides, its integrable self-dual 2-form does not define any charge.
In section VI, the gauge field of PCFT is identified with the gluon field.
In the linearized Einstein approximation a quark may emerge as gluon bound
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state in the electron LCR-manifold background, analogous to the kink-meson
bound state in the solitonic 2-dimensional φ4 model. But the gluon propagator
does not coincide with that of conventional quantum chromodynamics (QCD).
PCFT gluon implies an asymptotically linear potential which is currently used
to provide a good description of the hadron spectrum and in the Lund-string
model to describe jet fragmentation.
The general result is that the electromagnetic, weak and Higgs interactions
are exactly derived, but the gluon propagator of QCD must be replaced with
the present confining propagator of the gauge field of PCFT.
2 GENERAL RELATIVITY ANDGRAVITON
The geometric dynamical variables of the present model are the two real and
the one complex vectors (ℓ, n,m,m), which define the lorentzian CR-structure.
They determine the symmetric tensor (1.10), which is identified with the Ein-
stein metric. But these metrics are not invariant under the tetrad-Weyl sym-
metry (1.9) of the LCR-structure. Therefore a LCR-structure defines a class of
metrics [gµν ]. Two metrics related by a tetrad-Weyl symmetry belong to the
same class.
On the other hand the local SO(1, 3) symmetry[6] of this symmetric tensor
does not preserve the geodetic and shear free conditions (κ = σ = λ = ν = 0)[10]
of two null vectors, which are equivalent to the definition (1.5) of the LCR-
structure. Therefore it is not a symmetry of the present action.
The tetrad (ℓ, n,m,m) may be used to write down other symmetric tensors,
but it is the form (1.10) that makes the lagrangian (1.4) of the model metric
independent. Besides,, this precise metric form permits us to define the flat
spacetimes and asymptotically flat spacetimes at null infinity using directly the
LCR-structure solutions.
If [gµν ] contains the Minkowski metric, the LCR-structure is determined[30]
,[29]
by an element of the G4,2 grassmannian projective space with homogeneous co-
ordinates Xmi, which belong to the Kerr surface K(X i) , i = 1, 2 of CP 3, and
such that
X†
(
0 1
1 0
)
X = 0 (2.1)
Notice that the inverse is also true. These LCR-structures always define a
Minkowski metric on the ”real axis” of the Siegel domain, up to the appearance
of singularities. This is the characteristic (Shilov) boundary of the SU(2, 2)
symmetric classical domain. This manifold generally admits an infinite number
of LCR-structures locally determined by an irreducible or reducible Kerr homo-
geneous polynomials. The characteristic property of these ”flat” LCR-structures
is that X admits the form
X =
(
λ
−ixλ
)
(2.2)
where x is a hermitian, λ is a complex 2 × 2 matrix, and the two columns are
determined by the Kerr homogeneous polynomials. That is, their ”left” and
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”right” parts decouple. The LCR-structures, which cannot take the form (2.1)
will be called ”curved”, and vice-versa their approximations restricted to these
terms will be called the ”flatprints” of a generic LCR-structure.
In the linearized Einstein gravity approximation[14], we find the following
linearized gravity relations in the limit
gµν = µ + khµν +O(k
2)
R̂νρστ = lim(k
−1Rνρστ
k→0
) = 2∂
[
∂|[ h ]| ]
(2.3)
for the curvature tensor. The second Bianchi identity takes the form
∂[µR̂νρ]στ = 0
∂µR̂
µ
νρσ = ∂ρR̂νσ − ∂ρR̂νσ
(2.4)
where the covariant derivative becomes minkowiskian and [...] denotes antisym-
metrization. They imply the conservation condition of the Einstein tensor
∂µÊ
µ
ν = ∂µ[R̂
µ
ν − 12δµν R̂] = 0 (2.5)
This means that the Einstein tensor is conserved in the linearized Einstein
gravity limit. Besides, in the empty space it becomes the free wave equation of
a massless spin-2 particle.
Recall that in relativistic quantum field theory the field, which satisfies a
spin-s free wave equation, describes[33] a representation of the Poincare´ group
i.e. a spin-s particle, and vice-versa, a spin-s particle is described by a field
representation of the Poincare´ group, which satisfies the free wave equation.
Hence, in the present model, Einstein’s general relativity naturally emerges.
The existence of a graviton is simply implied in the weak gravity limit because
of the compatibility of the model with quantum mechanics.
In the Penrose spinorial formalism[18], the linearized Bianchi identity takes
the form
∂AB′Ψ̂ABCD = ∂
A′
(BΦ̂CD)A′B′ (2.6)
where (...) denotes symmetrization. The left-hand side contains the Weyl tensor
and the right-hand side of the relation contains the Ricci tensor, which describes
the sources. It is considered as the graviton wave equation. This point of view
essentially identifies the Einstein tensor with the sources, i.e. it defines the
gravitational sources.
I have already pointed out that PCFT defines only metrics which admit
geodetic and shear-free congruences. In this case the flags λA of the LCR-
structure tetrad must satisfy the condition
ΨABCDλ
AλBλCλD ≃ kΨ̂ABCDλ̂
A
λ̂
B
λ̂
C
λ̂
D
+O(k2) = 0 (2.7)
where the linearized gravity approximation has been also considered. The Weyl
tensor of the Minkowski spacetime vanishes. Therefore the gravitational content
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remains in Ψ̂ABCD and λ̂
A
(x) are the flags of the flatprint of the LCR-structure
tetrad.
Notice that the gravitational singularities are locally determined by the ze-
roes and infinities of the metric and its inverse, which cannot be removed by a
coordinate change. These metric-singularities essentially coincide with the LCR-
structure singularities, because det(gµν) = −C(det[ℓµ, nµ,mµ,mµ])2. Hence,
the singularity sources of the gravitational radiation coincide with the singu-
larities of the LCR-structure, which defines the corresponding metric. But in
the linearized Einstein gravity limit, the singular region of the form (2.2) is
determined by the Kerr functions. These are the regions where two roots of the
homogeneous functions Ki(X
i) , i = 1, 2 coincide. The Bateman-Penrose[18]
formulas give the potentials as contour integrals of homogeneous functions in
CP 3. In the present case of an helicity-2 wave equation the formula has the
form
Ψ̂ABCD(x) =
1
2πi
∮
λAλBλCλD(λEdλ
E)
f(Z) (2.8)
in the Penrose spinorial notation, where the function f(Z) is homogeneous of
degree 6. In the case of the static electron LCR-manifold we have one second
degree Kerr polynomial K(Z) and the gravitational potential is given by
f(Z) = K(Z)3 = (Z1Z2 − Z0Z3 + 2aZ0Z1)3 (2.9)
More details will be given in the next sections, where the same method will be
used to define the electromagnetic potential. I think that the emergence of the
electromagnetic radiation (photon) from the accelerating electron will facilitate
the understanding of the gravitational radiation too.
It is well known[18],[14] that the linearized Einstein gravity admits the 10
conserved energy-momentum and angular momentum quantities. They are de-
fined using the Einstein tensor, which is not tetrad-Weyl invariant. It is not
even invariant under the ordinary Weyl transformation. The finiteness of the
conserved quantities permit us to introduce the soliton terminology in PCFT.
LCR-manifolds which belong to representations of the Poincare´ group and have
finite energy-momentum and angular momentum are solitons, if they are pro-
tected by discrete numbers. In the next sections we will discuss how the tetrad-
Weyl symmetry of the LCR-structure is fixed in connection with the charge
of the electron. We will see how the photon field definition will break down
the tetrad-Weyl symmetry to the ordinary metric-Weyl symmetry, which is re-
stricted down to the Poincare´ symmetry by the above energy definition. It will
make clear why the tetrad-Weyl symmetry is broken, That is, how one metric
gµν is chosen down from its class [gµν ].
Newman has found[15] that the Kerr function condition (for a null congru-
ence to be geodetic and shear-free) may be replaced with a (generally complex)
trajectory ξa(τ ). In the present case of the LCR-structure formalism, this is
done by assuming that the G4,2 two homogeneous coordinates i = 1, 2 must
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have the form
X i =
(
λi
−iξ(i)(τ i)λi
)
ξ(i)(τ i) = ξ
a
(i)(τ i)σ
bηab
(2.10)
where σband ηab are the Pauli matrices and the Minkowski metric respectively.
Here, I have to point out that the consideration of two generally different com-
plex Kerr homogeneous functions is somehow misleading. In conventional alge-
braic geometry the notion of reducible polynomial is used. The irreducible Kerr
polynomial (2.9) of the electron LCR-structure is equivalent with the complex
trajectory ξa = (τ , 0, 0, ia). Hence, the LCR-structure implied by a general (ac-
celerating) complex trajectory is expected to correspond to a radiating spinorial
electron. The complex trajectory is more intuitive than the Kerr polynomial,
therefore I will use below this equivalent technique.
The flatprint LCR-structure coordinates are determined by the condition
(x− ξ(i)(τ i))λi = 0 (2.11)
that admits one non-vanishing solution for every column i = 1, 2 of the homo-
geneous coordinates of G4,2. This is possible if
det(x− ξ(i)(τ i)) = ηab(xa − ξa(i)(τ i))(xb − ξb(i)(τ i)) = 0 (2.12)
which gives the two solutions z0 = τ1(x) and z
0˜ = τ2(x). The other structure
coordinates are z1 = λ
11
λ01
and z0˜ = −λ02
λ12
where
λAj =
(
(x1 − ix2)− (ξ1(j)(τ j)− iξ2(j)(τ j))
(x0 − x3)− (ξ0(j)(τ j)− ξ3(j)(τ j))
)
(2.13)
Notice that the trajectory technique for computation of the structure coor-
dinates incorporates the notion of the classical causality, which is apparently
respected by (2.12).
The singularity of the flatprint LCR-structure occurs at det[λA1(x), λA2(x)] =
0. Recall that the left and right columns of the homogeneous coordinates of G4,2
may be determined (”move”) with different trajectories, if the corresponding ho-
mogeneous Kerr polynomial is irreducible. In the simple case when both move
with the same trajectory ξa(τ ) = (τ , ξ1(τ ), ξ2(τ ), ξ3(τ )), the singularity occurs
at τ1(x) = τ2(x), which is
(xi − ξi(t))(xj − ξj(t))δij = 0 (2.14)
If ξiR and ξ
i
I are the real and imaginary parts of the trajectory, we find that the
locus of the solitonic LCR-structure is
(xi − ξiR(t))(xj − ξjR(t))δij − ξiI(t)ξjI(t)δij = 0
(xi − ξiR(t)ξjI(t)δij = 0
(2.15)
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Note that if ξjI(t) is bounded, the LCR-structure may be interpreted as a soliton
with trajectory ξiR(t) and a locus at the perimeter of the circle of radius (ξ
i
I(t))
2
around its trajectory. This locus (a two dimensional surface) is a singularity
of the gravitational potential and a source of the corresponding gravitational
radiation, but it is not a singularity of the LCR-structure viewed as a surface
of the G4,2 grassmannian, because the matrix X
mi has not rank two at this
surface.
Concluding the present section, I point out the importance of the linearized
Einstein gravity approximation for the emergence of the standard model as
an effective quantum field theory, because 1) It decouples graviton from the
other potentials, permitting us to leave it aside and achieve renormalizability
of the standard model. 2) The conservation of the energy-momentum and the
angular momentum of the solitonic LCR-structure is defined without need of
the finite energy condition required for the traditional solitons. 3) The trajec-
tory of the curved LCR-structure is essentially defined by its corresponding flat
LCR-structure (flatprint). 4) The LCR-structure defines and it is defined by
potentials, which satisfy the relativistic wave equations, having sources in the
same trajectory of the LCR-structure, and which decouple from the graviton.
This last point will be clarified in the next sections starting from the derivation
of quantum electrodynamics (QED). In fact the coincidence of the gravitational
source trajectory with the electromagnetic source trajectory (to be defined in the
next sections) permit us to understand the Newman-Winicour ”curiosity”[17],
which is the derivation of the correct electron gyromagnetic ratio g = 2 even at
the classical level[5], without use of quantum theory.
3 THE (TRIVIAL) VACUUM
The permitted (restricted) holomorphic transformations z′a = fα(zβ), z′a˜ =
fα(zβ˜) may be used[1] to find coordinates (called regular coordinates) such
that (1.6) take the forms
Im z0 = φ11(z
1, z1,Re z0) , Im z0˜ = φ22(z
1˜, z1˜,Re z0˜)
z1˜ − z1 = φ12(za, z0˜)
φ11(0) = φ22(0) = φ12(0) = 0 , dφ11(0) = dφ22(0) = dφ12(0) = 0
(3.1)
where z1, z1˜, are the complex coordinates of CP 1, because this regular form of
the LCR-structure continues to permit the following SL(2,C) transformation
z′1 = c+dz
1
a+bz1 , z
′1˜ = c+dz
1˜
a+bz1˜
ad− bc = 1
(3.2)
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That is, the corresponding spinors transform relative to the conjugate represen-
tations of SL(2,C) (
λ′
λ′z′1
)
=
(
a b
c d
)(
λ
λz1
)
(
−λ˜′z′1˜
λ˜
′
)
=
(
a b
c d
)†−1(−λ˜z1˜
λ˜
)
ad− bc = 1
(3.3)
The regular coordinates are not uniquely defined, but the LCR-structure
with the precise Moser-like local canonical form may be considered as the first
indication of the separation of the chiralities. The LCR-structure with φij = 0
is called degenerate and it will be identified with the vacuum.
The action is generally covariant without a precise metric. Therefore the
observed in nature Poincare´ symmetry must be found in the set of solutions and
it must preserve the physical vacuum. The LCR-structure has been extensively
studied[10] in the context of general relativity under the name of spacetimes
with two geodetic and shear free null congruences. In this context we see that
a quite general class of LCR-manifolds[30] take the form of real surfaces of
the grassmannian manifold G4,2. The charts of its typical nonhomogeneous
coordinates are determined by the invertible pairs of rows. If the first two rows
constitute an invertible matrix, the chart is determined by detλ 6= 0 and the
corresponding affine space coordinates r are defined by
X =

X01 X02
X11 X12
X21 X22
X31 X32
 = ( λAj−irA′AλAj
)
rA′A = ηabr
aσbA′A
(3.4)
Then the LCR-structure defining relations take the form
ρ11(X
m1, Xn1) = 0 = ρ22(X
m2, Xn2)
ρ12(X
m1, Xn2) = 0
K(Xmj) = 0
(3.5)
where all the functions are homogeneous relative toXn1 andXn2 independently,
which must be roots of the homogeneous holomorphic (generally reducible) Kerr
polynomialK(Zm). In this context, we see that the LCR-structures determined
by the relations
XmiEmnX
nj = 0 , K(Xmj) = 0
E =
(
0 I
I 0
) (3.6)
12
are flat, i.e. they generate a minkowiskian class of metrics [ηµν ]. Besides,
the very fruitful notion of asymptotically flat spacetimes at null infinity[18]
may be transferred to the asymptotically flat LCR-structures, which satisfy the
conditions
Xm1EmnX
n1 = 0 = Xm2EmnX
n2 , ρ12(X
m1, Xn2) = 0
K(Xmj) = 0
(3.7)
Notice that SU(2, 2) is the symmetry group of these solutions. The consider-
ation of open LCR-manifolds implies the removal of a point (infinity) of the
Shilov boundary of the bounded SU(2, 2) classical domain[19], which restricts
the group down to its Poincare´ group up to an additional dilation group, which
will be finally broken by the mass of the electron. This Poincare´ symmetry
group is identified with the observed Poincare´ symmetry in nature.
Let us now consider the LCR-structures determined by a generally complex
Newman trajectory[16] ξb(τ ) via the relations
X =
(
λAj
−irA′AλAj
)
=
(
λAj
−iξA′AλAj
)
det(rA′A − ξA′A(τ )) = ηab(ra − ξa(τ ))(rb − ξb(τ )) = 0
(rA′A − ξA′A(τ j))λAj(r) = 0
(3.8)
The coordinate system of an observer is determined by a word line ξa(τ) =
(τ , 0, 0, 0), which defines a LCR-structure compatible with the Minkowski metric
via the relations ( i
−i a(τ i) a i
)
=
( i
−ixa a i
)
(3.9)
τ i are the two solutions and
i are the spinors of the corresponding (future
pointing) null vectors, i.e.
det[(xa − a( )) a] = 0 , τ1,2 = x0 ∓
√
(xi)2
(xa − a(τ1)) aA′AλA1 = 0 = (xa − a(τ2)) aA′AλA2
(3.10)
and the corresponding null vectors are
√
(xi)2
x1
x2
x3
 = λ1†σaλ1 ,

√
(xi)2
−x1
−x2
−x3
 = λ2†σaλ2 (3.11)
This shows that the two spinors λA1 and λA2 define spatially inverted null
vectors. Hence, these two spinors must belong to the conjugate chiral repre-
sentations of the SL(2,C) group. This means that the spinors defined by the
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left and right columns of the homogeneous coordinates of the vacuum (degen-
erate) LCR-structure must have[11] opposite chiralities, because parity is an
external automorphism of the orthochronous proper Lorentz group. It corre-
sponds a spinor of the fundamental representation to a spinor of its conjugate
representation.
Note that this trajectory satisfies the Poincare´ invariant normalization con-
dition ηab
dξa
dτ
dξb
dτ
= 1. This is the vacuum of the precise observer. Any other
Poincare´ transformed observer ξa(τ ) = (v0τ , viτ + ci) has a pseudo-conformally
equivalent vacuum (LCR-structure). In [paper I], I have already shown that
this vacuum is invariant under the Poincare´ transformations determined with
infinity fixed with the projective chart condition detλ = 0.
In the same chart we may define a different LCR-manifold, which appar-
ently belongs to a different representation of the Poincare´ group, because it is
determined by the two real trajectories ξa(∓)(τ ) = (τ , 0, 0,∓τ), which satisfy the
Poincare´ invariant normalization condition ηab
dξa
dτ
dξb
dτ
= 0. The homogeneous
coordinates of this LCR-structure and the appropriate structure coordinates
zα, zβ˜ are
X =

1 0
0 1
−i(x0 − x3) i(x1 − ix2)
i(x1 + ix2) −i(x0 + x3)
 =

1 0
0 1
−iz0 −iz1˜
−iz1 −iz0˜
 (3.12)
In complete analogy to the proceeding vacuum [paper I], the degenerate relations
z0 − z0 = 0 , z0˜ − z0˜ = 0 , z1˜ − z1 = 0 (3.13)
remain formally invariant under the Lorentz subgroup(
X ′i1
X ′i2
)
=
(
Bi11 0
0 Bi22
)(
X i1
X i2
)
B111 =
(
a b
c d
)
, B211 =
(
d −c
−b a
)
B
i†
11B
i
22 = I
(3.14)
and the real translation subgroup(
X ′1
X ′2
)
=
(
I 0
B21 I
)(
X1
X2
)
B21 +B
†
21 = 0
(3.15)
of the SU(2, 2) group.
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4 QED DERIVATIONAS AN EFFECTIVE QFT
The Kerr-Newman electrified spacetime is one of the physically interesting so-
lutions. It admits two geodetic and shear free null congruences, which are
related with the Kerr polynomial (2.9). It also admits two commuting killing
vectors, which are identified with the time-translation and z-rotation generators
of the Poincare´ group. Carter’s[5] discovery that the gyromagnetic ratio of the
Kerr-Newman manifold is fermionic (that of the electron g = 2)[17] shocked
the community of general relativists. Many tried to identify the Kerr-Newman
spacetime with the electron without success. It is in the present context of
PCFT that this calculation finds the right connection with the electron.
After the identification of the phenomenological Poincare´ symmetry with the
SU(2, 2) subgroup, which preserves infinity, it is straight-forward to compute
the asymptotically flat LCR-structure, which admits the time-translation and
z-rotation Killing vectors. It coincides with the LCR-structure found applying
the Kerr-Schild ansatz procedure[25]. Recall that the electron is the unique
stable leptonic particle of current phenomenology.
In the [paper I], I used the Cartan procedure to find all the LCR-structures,
which admit Killing vectors. Among all the found cases, I have also distin-
guished the case of the LCR-structure admitting the two commuting Killing
vectors, which turned out to coincide with the commuting time-translation and
z-rotation generators of the Poincare´ group. The other cases of LCR-structures
with different numbers of Killing vectors, have to be explained.
In the linearized Einstein-gravity approximation, the Kerr-Schild ansatz co-
incides with the approximation itself. This fact facilitates our calculation and in-
terpretation. Hence, theG4,2 point of the flatprint of the electron LCR-structure
is determined from the static trajectory ξb = (τ , 0, 0, ia). The corresponding two
spinors λAi, which appear in its representation in the homogeneous coordinates
have the form
λAi =
(
x1 − ix2 x1 − ix2
x0 − x3 − τ1 − ia x0 − x3 − τ2 − ia
)
τ1,2 = x
0 ∓
√
(x1)2 + (x2)2 + (x3 − ia)2
(4.1)
and the flat null tetrad is
La = 1√
2
λ
A′1
λB1σaA′B , N
a = 1√
2
λ
A′2
λB2σaA′B
Ma = 1√
2
λ
A′2
λB1σaA′B
ǫABλ
A1λB2 = 1
(4.2)
where the spinors have been properly normalized. In the Lindquist coordinates
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it takes the form
Lµ∂µ = ∂t + ∂r
Nµ∂µ =
r2+a2
2(r2+a2 cos2 θ)
(
∂t − ∂r + 2ar2+a2 ∂ϕ
)
Mµ∂µ =
1√
2(r+ia cos θ)
(
ia sin θ∂t + ∂θ +
i
sin θ∂ϕ
) (4.3)
Its covariant form is
Lµdx
µ = dt− dr − a sin2 θ dϕ
Nµdx
µ = r
2+a2
2(r2+a2 cos2 θ) [dt+
r2+2a2 cos2 θ−a2
r2+a2 dr − a sin2 θ dϕ]
Mµdx
µ = −1√
2(r+ia cos θ)
[−ia sin θ (dt− dr) + (r2 + a2 cos2 θ)dθ+
+i sin θ(r2 + a2)dϕ]
(4.4)
The Kerr-Schild ansatz gives[22],[25] the general form of the curved LCR-manifold
ℓµ = Lµ , mµ =Mµ , nµ = Nµ +
h(r)
2(r2+a2 cos2 θ) Lµ (4.5)
where h(r) is an arbitrary function. Notice that for h(r) = −2mr + e2 the
Kerr-Newman space-time is found.
From the deriving relations
(xa − ξa(τ j))σaA′AλAj = 0
xa − ξa(τ j) =

±
√
(x1)2 + (x2)2 + (x3 − ia)2
x1
x2
x3 − ia
 (4.6)
we see that λA2 satisfies a relation implied after a temporal reflection of the cor-
responding relation that λA1 satisfies, because (x0 − τ2) = −(x0 − τ1). Hence,
these two spinors must belong to the conjugate chiral representations of the
SL(2,C) group. This means that the spinors defined by the left and right
columns of the homogeneous coordinates of the electron LCR-structure must
have[11] opposite chiralities, because temporal reflection (like parity) is an ex-
ternal automorphism of the orthochronous proper Lorentz group. I want to
point out that this relation is generalized only in the case of LCR-structures
determined by one trajectory. In the general case of left and right columns of
Xni implied by different trajectories (reduced Kerr polynomials), they are not
related with such a discrete symmetry. One has to go back to the regular LCR-
structure coordinates (3.1) to reveal opposite chirality between left and right
columns of the homogeneous coordinates of G4,2.
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Because of the importance of the chirality emergence, I will now explicitly
show that the temporal (and spatial) reflection, applied directly to the geodetic
and shear free condition on λAj(x)
λAλBσ
b
A′A
∂
∂xb
λB = 0 , λA = λ0
(
1
λ
)
<==>
∂λ
∂x0
′0
+ λ ∂λ
∂x0
′1
= 0 and ∂λ
∂x1
′0
+ λ ∂λ
∂x1
′1
= 0
(4.7)
implies the change of SL(2,C) representation.
Using my notation
xA′A = xµσ
µ
A′A =
(
x0 − x3 −(x1 − ix2)
−(x1 + ix2) x0 + x3
)
xA
′A = xµσA
′A
µ =
(
x0 + x3 (x1 + ix2)
(x1 − ix2) x0 − x3
) (4.8)
I make the temporal reflection
x′ =
( −x0 − x3 −(x1 − ix2)
−(x1 + ix2) −x0 + x3
)
= −ǫxǫ−1
ǫ =
(
0 1
−1 0
) (4.9)
which implies
∂λ′
∂x′0
′0
+ λ′ ∂λ
′
∂x′0
′1
= 0 and ∂λ
′
∂x′1
′0
+ λ′ ∂λ
′
∂x′1
′1
= 0
<==>
λ′ = −1
λ
, λ′A = λ′0
(
1
λ′
)
= −λ′0
λ
(−λ
1
)
∂λ
∂x0
′0
+ λ ∂λ
∂x0
′1
= 0 and ∂λ
∂x1
′0
+ λ ∂λ
∂x1
′1
= 0
(4.10)
As expected[11], the representation of the spinor changes to its conjugate.
We saw that the chirality distinction is fundamental in the pseudo-conformal
field theory (PCFT).
The massive Poincare´ representation of the flat LCR-structure is determined
with the complex linear trajectory
ξb(s) = vbs+ cb + iab ,
.
(ξb)2 = (vb)2 = 1 (4.11)
where vb, cb, ab are the real constants, which represent the constant velocity, the
initial position and the spin of the classical configuration of the electron. Note
that the present normalization of the parametrization is properly changed in
order to assure the massive character of the representation. In the next section
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we will argue that the complex linear trajectories with
.
(ξb)2 = 0 is related to
the neutrino.
The geodetic and shear-free conditions (4.7) that both flat spinors λAj(x)
satisfy implies the wave equation
ηab ∂
∂xa
∂
∂xb
λ = 0 (4.12)
But I do not see any direct relation between these two spinors of the grassman-
nian representation of the flat LCR-structure with the Dirac bispinor field ψ(x),
which satisfies the Dirac equation. In fact we do not need any such relation.
The emergence of the Dirac spinor is based on the fact that the precise
electron LCR-structure constitutes a massive Poincare´ representation, which in
quantum field theory is represented with a free Dirac field ψ(x) satisfying the
corresponding Dirac equation. There is no other deeper origin, like the appli-
cation of quantum field theory (QFT) techniques in condensed matter physics.
In the next subsection I will briefly review the Bogoliubov-Medvedev-Polivanov
(BMP)[2] constructive approach, which provides the formulation of QFT as an
effective lagrangian formalism.
4.1 The BMP constructive procedure
The Bogoliubov-Medvedev-Polivanov method[2] approaches the axiomatic for-
mulation of a quantum field theory starting from the S-matrix and the introduc-
tion of a ”switching on and off” function c(x) ∈ [0, 1] and assuming the following
expansion of the S-matrix
S = 1 +
∑
n≥1
1
n
∫
Sn(x1, x2...xn)c(x1)c(x2)...c(xn)[dx] (4.13)
where Sn(x1, x2...xn) depends on the complete free field functions (the local
Poincare´ representations of the particles) and not its separate ”positive” and
”negative” frequency parts. That is, the S-matrix is an operator in the Fock
space of free relativistic particles. Apparently this perturbative expansion needs
the existence of a small coupling constant. It satisfies the following axioms
Poincare´ covariance : UPSn(x1, x2...xn)U
†
P = Sn(Px1, Px2...Pxn)
Unitarity : SS† = S†S = 1
Microcausality : δ
δc(x) [
δS(c)
δc(x)S
†(c)] = 0 for x - y
Correspondance principle : S1(x) = iLint[φ(x)]
(4.14)
where φ(x) denotes the free particle fields and x - y means x0 < y0 or (x−y)2 <
0. A general solution of these conditions is
S = T [exp(iL[φ(x); c(x))]
L[φ(x); c(x)] = LInt[φ(x)]c(x) +
∑
n≥1
1
n
∫
Λn+1(x, x1...xn)c(x)c(x1)...c(xn)[dx]
(4.15)
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where Λn(x, x1...xn) are quasilocal quantities, which permit the renormalization
process. This order by order construction of a finite S-matrix (with possibly
infinite hamiltonian and lagrangian) provides a well established algorithm to
distinguish renormalizable with non-renormalizable interaction lagrangians[?].
The advantage of the BMP procedure is that it can be used in the oppo-
site sense. Knowing the Poincare´ representations, they are identified with ”free
particles” with precise mass and spin. Then they are described with the cor-
responding free fields, which are used to write down an effective interaction
lagrangian, suggested by the fundamental dynamics. In the present case, the
fundamental dynamics is the PCFT and the particles are the solitonic solu-
tions and their corresponding potentials which satisfy the wave equations. The
suggested interaction takes the place of the ”correspondence principle” in the
BMP procedure. The order by order computation introduces counterterms to
the action (with up to first order derivatives). If the number of the forms of the
counterterms is finite, the action is normalizable and the model is considered
compatible with quantum mechanics.
We point out the additional advantage of the BMP procedure, that we do
not need to know all the interactions. The order by order (perturbative) compu-
tation of the S-matrix, permits the incorporation of all the additional lagrangian
interactions. The restriction is that this implied order-by-order lagrangian has
a finite number of terms without higher order derivatives, which are the con-
ditions of renormalizability and compatibility with quantum mechanics. These
are necessary additional conditions, because the effective theory corresponds
to a renormalizable fundamental lagrangian, the PCFT. The effective quantum
electrodynamics, derived from the classical photon-electron current interaction
(correspondence principle), does not need additional terms. But in the next
case of weak interactions, additional terms will be needed for the interaction
lagrangian to become self-consistent.
In brief, my general procedure is to find the solitonic solutions of the LCR-
structure integrability conditions, which belong to representations of the Poincare´
group, and write down their linear potential-current interactions in the second
quantized formalism. The BMP process will provide the standard model la-
grangian with the necessary relations between masses and coupling constants,
which make it to look as a U(2) breaking Yang-Mills lagrangian. I point out
that a general lagrangian with massive gauge fields is not renormalizable. The
precise relations between the masses and the coupling constants make it renor-
malizable.
4.2 Derivation of quantum electrodynamics
In addition to the symmetric tensor gµν , the LCR-structure tetrad also defines
a class of three self-dual and three antiself-dual 2-forms (relative to the defined
metric (1.10))
V 0 = ℓ ∧m , V 0˜ = n ∧m , V = 2ℓ ∧ n− 2m ∧m (4.16)
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which satisfy the relations
dV 0 = [(2ε− ρ)n+ (τ − 2β)m] ∧ V 0
dV 0˜ = [(µ− 2γ)ℓ+ (2α− π)m] ∧ V 0˜
dV = [2µℓ− 2ρn− 2πm+ 2τm] ∧ V
(4.17)
where the small greek letters are the connection parameters of the spin-coefficient
formalism[18]. In fact any non conformally flat metric, which admits geodetic
and shear free null directions, define a finite number of triplets of such self-dual
2-forms. This number is related to the Petrov type of the metric, and we will
discuss it below.
If the LCR-structure is realizable[1], there are always functions such that
0 = d(dz0 ∧ dz1) = d[(f00 f11 − f10f01 )ℓ ∧m]
0 = d(dz0˜ ∧ dz1˜) = d[(f 0˜
0˜
f 1˜
1˜
− f 1˜
0˜
f 0˜
1˜
)n ∧m
(4.18)
But for the third self-dual 2-form V , there is not always a function, which makes
it closed i.e. such that d(fV ) = 0. This happens if
d[2µℓ− 2ρn− 2πm+ 2τm] = 0 (4.19)
In fact, if there is a member of the tetrad-Weyl equivalent class of 2-forms, which
implies (4.19), this member may be assumed as the physical representative,
because it defines a conserved ”charge”. That is, the existence of a 2-form which
defines the conserved quantity ”charge” breaks the tetrad-Weyl symmetry down
to the ordinary Weyl symmetry. The remaining Weyl symmetry will be finally
restricted to one tetrad, from the definition of the mass from the Einstein gravity
source.
The electron LCR-structure (1.4) satisfies this condition, because
2µℓ− 2ρn− 2πm+ 2τm = d[ln(r − ia cos θ)2] (4.20)
Hence, the self-dual 2-form
F+ = 1(r−ia cos θ)2 (2ℓ ∧ n− 2m ∧m) = F − i ∗ F (4.21)
is closed. It defines a real electromagnetic field F , which is identified with the
electromagnetic field.
The solitonic feature of the electron LCR-structure is protected by the topo-
logical openness of the LCR-manifold and the non-vanishing of all the three
relative invariants Φi of the LCR-structure. Recall that the trivial vacuum has
all the three relative invariants equal to zero.
In the physical interpretation, this LCR-manifold has to be identified with
the electron and its complex conjugate structure with the positron, because it
has opposite charge.
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Notice that the electromagnetic field is essentially determined by the flat-
print of the electron LCR-structure. The second term of the tetrad form of the
Kerr-Schild ansatz (4.5) does not contribute to the definition of F . Therefore
we should consider that the electromagnetic field is a particle (Poincare´ repre-
sentation determined from the singularity of the LCR-structure). Therefore the
correct field equation is
d ∗ F = j , dj = 0
∂µF
µν = jν , ∂νj
ν = 0
(4.22)
where the singularity gives a conserved current. The implied conserved quantity
is the electron charge.
The positron is identified with the conjugate electron LCR-structure, which
is found by simply interchanging (m⇔ m). Then the metric remains the same,
which implies that electron and positron have the same masses. But the 2-forms
change implying that electron and positron have opposite charges.
The energy-momentum are the conserved quantities determined from the
source T µν(p) of the (linearized) Einstein equation. This satisfies the Bianchi
identities, which must be valid even at the ”singularities”. Recall that this point
essentially used Einstein and coworkers[7] to derive the equations of motion. On
the other hand the EM-equations happens to be satisfied by the static soliton.
They are not satisfied for any LCR-structure.
The EM-equations also generate a conserved energy-momentum too. The
two ”independent” energy-momentum tensors (of the Bianchi identity and the
self-dual 2-form) of the static soliton become compatible by simply identifying
the source of the Einstein-equation with the sum of these two quantities
T
µν
(Gravity) = T
µν
(p) + T
µν
(EM) , ∂µT
µν
(Gravity) = 0
T
µν
(p) = e
.
ξµ
.
ξνδ(xν − ξν(s))
T
µν
(EM) = − 14π [FµρF νσηρσ − 14ηµνF ρσFρσ]
(4.23)
The addition of these two terms is imposed by the formalism, because in the
case of accelerating point-sources only the sum is conserved
∂µT
µν
(p) = µ
d2ξν
dt2
= F νρjρ , ∂µT
µν
(EM) = −F νρjρ
∂ν [µ
dξν
dt
] = 0
(4.24)
while every independent term separately is not conserved. Hence, the energy
of the EM-field must be added in the (pure) gravitational source, otherwise the
source is not conserved and the linearized Bianchi identities are not satisfied.
Recall that the conservation of the (linearized) gravitational current is imposed
by the Bianchi identities. We know that it is also true in quantum electrody-
namics. We must add the energy-momentum tensors of both the electron and
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the EM-field energies for the total energy to be conserved. Below I will show
that the obstructions from the relative invariants (which stabilize the electron)
permit this summation.
I want to point out that the definition of the LCR-structure (1.5) implies
the tetrad-Weyl invariants Fi = dZi and the relative invariants Φi. In the case
of the Kerr-Schild ansatz (4.5) the invariants of the LCR-structure
F1 = dZ1 =
4ra2 sin θ cos θ
(r2+a2 cos θ)2 dr ∧ dθ
F2 = dZ2 =
4ra2 sin θ cos θ
(r2+a2 cos θ)2 dr ∧ dθ
F3 = dZ3 = − 4ra2 sin θ cos θ(r2+a2 cos θ)2 dr ∧ dθ
(4.25)
do not depend on h(r), and the relative invariants
ρ− ρ = −2ia cos θ(r+ia cos θ)(r−ia cos θ)
µ− µ = ia(r2+a2+h) cos θ(r+ia cos θ)2(r−ia cos θ)2
τ + π = − i
√
2ar sin θ
(r+ia cos θ)2(r−ia cos θ)
(4.26)
do not vanish. Hence, h(r) is not obstructed from taking the self-consistent
form.
One may continue the classical investigation and compute the Lienard-
Wiechert potential of the vector current
jµ = e
.
ξ
µ
R(t)δ[(x
i − ξiR(t))2 − (ξiI(t))2]δ[(xi − ξiR(t))ξiI(t)] (4.27)
implied from the singularity (2.15) of the general complex trajectory ξa(τ ), using
the retarded Green function. In the simple case of the static soliton (electron)
ξa(τ ) = (τ , 0, 0, ia) the potential is
Gret(x− x′) = θ(x
0−x0′)δ[(xµ−xµ′)2]
2π =
δ(x0−x′0−
√
(xi−x′i)2)
4π
√
(xi−x′i)2
j0 = eδ[(x′i)2 − a2]δ[x′3] , ji = 0
A0(x) =
∫
δ[x0−x′0−
√
(xi−x′i)2]
4π
√
(xi−x′i)2 eδ[(x
′1)2 + (x′2)2 − a2]δ[x′3]d4x′ =
= e4π
∫
δ[(x′1)2+(x′2)2−a2]√
(x1−x′1)2+(x2−x′2)2+(x3)2 dx
′1dx′2
Ai(x) = 0
(4.28)
But we will not continue in this direction, because it is not the purpose of the
present work.
Summarizing, I have already shown that the static LCR-manifold is a soliton
protected by its mass and its relative invariants, and it belongs to the massive
spinorial representation. Hence, in the second quantization, it is represented
with the Dirac field ψ(x), which satisfies the massive Dirac equation. This Dirac
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field represents the ”left” and ”right” columns Xnj of the homogeneous grass-
mannian coordinates of the moving electron-soliton. It has an EM-potential
which satisfies the massless wave equation, hence it is a spin-1 particle repre-
sented with a vector field Aµ(x) in the second quantization formalism. The
interaction of these two formal quantum fields is apparently the well known
electromagnetic interaction
LEM = eψeγ
µψeAµ (4.29)
Note that everything is written in Minkowski spacetime, because of the lin-
earized gravity approximation. This interaction is identified with the correspon-
dence principle, which triggers the BMP procedure. The order by order com-
putation of the finite S-matrix does not introduce additional interaction forms,
apart the quasilocal counterterms responsible of the infinities, which appear
in the lagrangian. The procedure assures the renormalizability of the electro-
magnetic interaction and its subsequent compatibility with quantum mechanics,
defined to be the closedness of the BMP procedure.
5 NEUTRINO AND WEAK INTERACTIONS
Let me remind the reader that the lagrangian of the PCFT is well defined and
its path integral quantization gives a well defined quantum field theory implied
by the functional integration over the 4-dimesional lorentzian CR-manifolds in
complete analogy to the quantum string theory formulation from the functional
integration over the 2-dimensional Riemann surfaces based on the Polyakov ac-
tion. I have not yet found a way to compute nor the simplest propagator, neither
have I found an appropriate vertex algebra to proceed. Therefore, I turned to
the linearized gravity approximation and the conventional solitonic techniques.
The discovery of the static LCR-manifold with all the characteristics of the mas-
sive electron formed the basis of the formulation of quantum electrodynamics
as an effective (second quantized) quantum field theory, using the BMP proce-
dure. The linearized Einstein gravity approximation (of the defined metric from
the LCR-structure) is crucial of the revelation of the Poincare´ group and the
fulfillment of the axioms of the BMP procedure. In this section the discovery
of a stationary[25] neutrino soliton will permit us to follow the same roadmap
and extend the above QED derivation to the entire standard model lagrangian
as an effective quantum field theory.
My first step is to use the Bateman-Penrose formula to define a scalar wave
potential φ(x) from an electron scalar current
φ(x) = 12πi
∮
(λEdλ
E)
f(Z)
f(Z) = K(Z) = Z1Z2 − Z0Z3 + 2aZ0Z1
(5.1)
in complete analogy to the electromagnetic field. The implied effective second
quantized interaction is
Lφ = geψeψeφ (5.2)
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The essential difference is that this current is not protected by any conservation
law, which could protect the massless field φ(x) to become massive at the quan-
tum level. The renormalizability condition will impose the necessary relations
between masses and coupling constants such this field will turn out to be the
Higgs field after the field translation, because simply the electron field ψe is
already massive.
We have already seen that the homogeneous grassmannian coordinates Xmj
naturally separate the left-handed part of the Lorentz representation, which
coincides withXm1, from the right-handed partXm2. Their coincidence relation
Xm1EmnX
n2 6= 0 couples these two components. The physical neutrino appears
to be only the left-hand part of the Poincare´ representation and it is represented
with the left-handed component of the Dirac field. This left-right asymmetry
is expected to emerge in the case of LCR-structures with degenerate Φ2 = 0
relative invariant (1.5). That is, the right part of the LCR-structure coincides
with the degenerate right part of the vacuum LCR-structure. It is exactly the
picture that emerges from the ”massless partner” of the electron LCR-structure.
The lorentzian CR-structure of the electron is generated from the linear
complex trajectory, which admits the normalization ηab
dξa
dτ
dξb
dτ
= 1. If the lin-
ear complex trajectory satisfies the ”massless” condition ηab
dξa
dτ
dξb
dτ
= 0, we have
ξb(τ ) = (vbτ + iaδb3) with (v
a)2 = 0 and the condition (xa − ξa)2 = 0 admits
one solution of τ(x). This solution determines the left column Xm1 of the ho-
mogeneous grassmannian coordinates and the right column is determined with
the condition X02 = 0. The singularity of this flat LCR-structure is the z-axis
(x = y = 0 , z − t = 0). The Kerr-Schild ansatz may be applied[25], which
gives a curved spacetime metric. The corresponding self-dual 2-form implies a
closed self-dual 2-form, but it does not define an electromagnetic potential be-
cause of the line singularity. One can also see that, using the Bateman-Penrose
transform with the corresponding degenerate quadratic Kerr polynomial. The
same argument is used to show that the neutrino LCR-structure does not have a
classical scalar potential either. Hence, in the second quantization BMP process
the neutrino field ψν(x) does not start with electromagnetic and scalar interac-
tions. But in the context of the second quantized quantum theory, we cannot
exclude the emergence of currents and masses for non protected interactions by
fundamental Ward identities.
The case of a charged left-handed to left-handed e ↔ ν current may be
considered as the second quantized form of the classical current determined by
the complex trajectory vanishing (dξ
a
dτ
(τ0))
2 after a certain point τ0. Until this
precise point τ0, the trajectory defines a classical electron-soliton and after this
point it defines a massless neutrino-soliton. The Heisenberg field of this charged
left-handed to left-handed current is identified with the charged massive vector
field W±(x).
Lw = gw(ψνγµ 1−γ52 ψeWµ + h.c.) (5.3)
The existence of two left-handed and one right-handed components of soli-
tonic LCR-structures imply the observed left-right asymmetry. The free fields
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of the soliton second quantization are formally grouped into SU(2)×U(1) mul-
tiplets
Le =
1−γ
5
2
(
ψν
ψe
)
, Re =
1+γ
5
2 ψe (5.4)
and the free field lagrangian takes the form
L = iLeγµ∂µLe + iReγµ∂µRe −meψeψe (5.5)
Notice that the formal internal SU(2)×U(1) symmetry is already broken by the
free electron mass. Hence, the implied vector and axial-vector currents, which
generate the (massive) weak vector fields, are not conserved. The charged weak
field Wµ interacts with a non-conserved current. Therefore even if we start the
BMP procedure (for the derivation of a finite S-matrix) with a masslessWµ field,
it is going to acquire a mass through the appearance of mass-counterterms. I will
not continue this discussion, because the problem of the non-renormalizability
of the longitudinal part
kµkν
λ2
of the vector field propagator coupled with non
conserved currents has been widely studied in elementary books[3],[12].
On the other hand, the non-abelian gauge field theory is renormalizable.
The problem of renormalizability of spontaneously broken gauge field theory
was solved by t’Hooft and Veltman. Hence, we now know that starting the BMP
procedure with a massive and a massless Dirac fields and their scalar and vector
interactions, we can derive a finite S-matrix, despite the emergence of massive
vector fields, if we assume the necessary relations between the coupling constants
and the field masses that make the lagrangian look like a spontaneously broken
non-abelian gauge field theory. In this way the well known standard model
action is generated. This conservative point of view implies that the SU(2) ×
U(1) symmetry is an artifact of the finiteness of the S-matrix and not a physical
internal symmetry, which could be subgroup of a spontaneously broken larger
group of a non-abelian quantum gauge field theory.
The derived fermionic particles (electron and neutrino) are identified by the
singularities of the LCR-structure, while the photon, W, Z and Higgs particles
are identified with the ”moduli” parameters of the (open) LCR-structure. Notice
that these parameters constitute 12 dynamical variables, which are exactly the
dynamical variables of the tetrad (ℓµ, nµ, mµ, mµ), after the subtraction of the
local parameters of the tetrad-Weyl symmetry. Hence, we may conclude that
no other potentials are expected in the standard model.
Apparently this derivation of the standard model action describes the current
experimental results, which indicate validity of the standard model, while they
are negative to grand unified theories, supersymmetry and superstrings. Hence,
the problem of extending the ”internal group” to larger ”internal” groups now
becomes a problem to find solitonic LCR-structures and their decay processes
to electron and neutrino.
There is a mathematical subtlety we have to solve. The interaction (5.3)
has to be understood as the shrinkage of the functional integral over a smooth
LCR-manifold down to the current e ←→ νe ”line” and the W ”line”. The
smoothness of the original LCR-manifold imposes a constraint on the e←→ νe
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current. The Hopf invariant of the left column of the electron LCR-structure
must coincide with the Hopf invariant of the neutrino LCR-structure.
Every column of the G4,2 homogeneous coordinates determine a function
λAi(x) in S2. That is for any LCR-structure we have two functions
S1 × S3 → S2 (5.6)
It is known that the homotopy group π1(S
2) is trivial but π3(S
2) = Z. The
Hopf invariant is determined using the sphere volume 2-form
ω =
i
2π
dλ ∧ dλ
(1 + λλ)2
(5.7)
which is closed. This implies that in S3 there is an exact 1-form ω1 such that
ω = dω1. Then the Hopf invariant of λ(x) is
H(λ) =
∫
λ∗(ω) ∧ ω1 (5.8)
The Hopf invariants of the electron and neutrino LCR-structures have been
computed[27] and found to be ± a|a| . Hence, they can be arranged to coincide.
5.1 On the origin of the leptonic generations (families)
Up to now we worked out the simple case of LCR-structures derived from the
linear trajectory ξa = vaτ + ca or equivalently the quadratic Kerr polynomial
K(Z) = iZ0Z0[(v0 − v3)(c1 + ic2)− (v1 + iv2)(c0 − c3)]+
+iZ0Z1[(v0 + v3)(c0 − c3)− (v1 − iv2)(c1 + ic2)]− Z0Z2(v1 + iv2)−
−Z0Z3(v0 − v3) + iZ1Z1[(v1 − iv2)(c0 − c3)− (v0 + v3)(c1 − ic2)]+
+Z1Z2(v0 + v3) + Z1Z3(v1 − iv2)
(5.9)
with ca generally complex. This is the most general quadratic Kerr polyno-
mial which incorporates all the parameters of the Poincare´ representation. The
singular points of this quadratic surface satisfy the relations
∂nK(Z) = 0 , Z
n 6= 0 (5.10)
We finally find that there are the following two cases
1st : If vavbηab 6= 0 the surface is regular
2nd : If vavbηab = 0 the surface is reducible
(5.11)
The first case gives the electron and positron solitons and the second reducible
surface gives the left-handed chiral part of the neutrino. That is, the elec-
tron LCR-structure is determined with an irreducible quadratic polynomial
and the neutrino LCR-structure is determined with the corresponding reducible
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quadratic polynomial. Their gravitational metrics gµν admit only two geode-
tic and shear free null congruences and are type-D spacetimes in the Petrov
classification. They constitute the electronic generation of the observed stan-
dard model. In order to look for the other two generations (the muon and
tau families) we have to describe the general framework of the solutions of the
pseudo-conformal lagrangian and their topological obstructions.
The grassmannian manifold G4,2 is the set of lines of CP
3. A point of G4,2
is a line of CP 3, which is determined by the two columns Xn1 and Xn2 viewed
as two points of CP 3. The linear transformation SL(4, C), which applies from
the left side, preserves the LCR-structure. The SL(2, C) linear transformation,
which applies from the right side, preserves the line of CP 3, but it does not
preserve the LCR-structure. Hence, in the present formalism the points of the
Minkowski spacetime are lines of CP 3.
Every two intersection points of the line and the surface K(Zm) = 0 de-
termine a LCR-structure. In every affine space of CP 3, the line is projectively
represented with a 2 × 2 matrix r = raσaA′A , which, after the application of
the implicit function theorem for the solution of the four (real) relations (3.6)
of the LCR-structure, takes the form
ra = xa + iya(xb) (5.12)
The LCR-structure with vanishing ya(xb) = 0 are compatible with the Minkowski
metric. Therefore we may consider this imaginary part as the gravitational con-
tent of the LCR-structure. Hence, the linearized Einstein gravity approximation
projects the LCR-structure down to its ”flatprint”. The well known to general
relativists SO(1, 3) local transformations of the null tetrad, which preserve the
metric, coincide with the line preserving SL(2, C) transformation. In fact the
quartic polynomial (2.7) is the maximum degree Kerr polynomial permitted by
a regular Einstein metric, which admits geodetic and shear free null congru-
ences ℓµ∂µ and n
µ∂µ. Taking into consideration that the degree of the Kerr
polynomial is a topological invariant of the corresponding surface of CP 3, we
expect the existence of two more chiral currents to be permitted in addition to
the above studied quadratic ones. Those determined by cubic Kerr polynomials,
which we identify with the muon generation, and those determined by quartic
Kerr polynomials, which we identify with the tau generation.
The preceding analysis indicates to correlate the lepton numbers with the
degrees of the Kerr polynomial. Then the limitation of the number of gener-
ations is imposed by the Einstein gravity. At each spacetime point, which is
determined by a line of CP 3, there are at most four intersections between the
Kerr surface and the line. The 1st generation (e, νe) corresponds to quadratic
surfaces, which we have extensively studied before.
Let us now pose the question ”how many static massive and (stationary)
massless representations of polynomial multiplets of a given degree exist?”. The
knowledge of the Poincare´ group permit us to answer this question by simply
noticing that such a multiplet must contain a polynomial, which admits the
infinitesimal z-rotations and time-translation as automorphisms.
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I have worked it out[27] and found that only the irreducible quadratic sur-
face (5.9) determines a polynomial multiplet. Using matrices this quadratic
polynomial takes the form
AmnZ
mZn = Z⊤
(
ω (ǫv)⊤
ǫv 0
)
Z , ω⊤ = ω (5.13)
where ǫ is the antisymmetric matrix and v is the velocity hermitian matrix. If
det v 6= 0 it determines the electron and if det v = 0 it determines the neutrino.
The physically interesting fact is that the existence of the solitons with ω 6= 0
breaks the dilation symmetry, because (5.13) cannot be automorphic relative
to this abelian subgroup of SU(2, 2), which also preserves infinity besides the
Poincare´ subgroup.
If our hypothesis that the lepton numbers are the topological degrees of the
Kerr polynomial, then we have to conclude that the muon and tau are unstable
solitonic surfaces, which is also observed. Besides, the neutrino oscillations
may be caused by the time dependence of the muonic and tau-onic neutrinos.
Therefore it would be very interesting to find solitonic third and fourth degree
surfaces.
6 HADRONIC SECTORAND CONFINEMENT
The hadronic part of the standard model is actually based on the SU(3) Yang-
Mills gauge theory, despite many apparent disagreements with experiment. All
the up to now experimental data indicate that electromagnetic and weak inter-
actions are very well described by the standard model, while it fails to describe
the experimental observations for the strong interactions. The perturbative
potential of the ordinary Yang-Mills action is Coulomp-like (1
r
), while the emer-
gence of confinement as a infrared screening effect has not yet been explicitly
proved. The ordinary Yang-Mills action also generates the strong P (CP) prob-
lem, because it admits instantons, which permit tunnelling between the gauge
vacua. The real vacuum of the QCD model is a θ-vacuum, which generates a
parity violation topological term in the action. On the other hand, the axion
particle solution of this problem has not yet been observed. These two dis-
agreements of the standard model with experiment are ”trivially” solved in the
present 4-dimensional pseudo-conformal field theory.
The amazing similarity between the quark flavor picture and the leptonic
one is also a puzzle. The quarks look like leptons with a “color” charge that
generates the confining potential. The theoretical efforts to solve this quark-
lepton correspondence in the context of grand unified theories failed, because
the implied proton decay has not been observed.
In order to better understand the emergence of the confining gluon field let us
go back again to the Polyakov action (1.1) viewed as the 2-dimensional pseudo-
conformal field theory. The invariance of the action under endomorphisms and
its metric independence, without being topological, needs the consideration of
a field Xµ(τ , σ), which is defined on a 2-dimensional surface. In the context of
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string theory it is interpreted as the coordinates of the ambient 26-dimensional
Minkowski spacetime, while in many other applications in condensed matter,
it takes different interpretations. This action has first order derivatives and
generates the 2-dimensional laplacian differential operator. We saw that its
generalization to 4-dimensions needs the consideration of a gauge field Ajµ(x),
which is defined on the 4-dimensional LCR-manifold. This field satisfies the
following field equation[29]
Dµ{√−g[(ℓµmν − ℓνmµ)(nρmσFjρσ) + (nµmν − nνmµ)(ℓρmσFjρσ)+
+(ℓµmν − ℓνmµ)(nρmσFjρσ) + (nµmν − nνmµ)(ℓρmσFjρσ)]} = 0
(6.1)
where Dµ = δℓj∂µ + γhfℓjkAkµ is the gauge symmetry covariant derivative and
γh the coupling constant. The differential operator is not d’alembertian type.
In the [paper I][31], it was shown that its vacuum propagator generates a linear
(confining) potential, which I had already noticed in previous works[25],[28] with
more elementary computations. Therefore we have to identify this field with the
gluon.
The LCR-structure integrability conditions (1.5) do not contain the gluon
field. This permitted us to follow the strategy of the present approximation pro-
cedure, first to compute the tetrad and after to consider the linearized Einstein
gravity approximation. The tetrad may be replaced into (6.1) and find the cor-
responding gluon field solutions. The simple solution Ajµ(x) = 0 corresponds to
the pure geometric leptonic solitons without any gauge field interaction, which
we have considered previously. But the gluon field equation (6.1) in the degen-
erate LCR-structure tetrad (the vacuum of PCFT) cannot be incorporated into
the BMP proccess, because simply the static vacuum tetrad does not preserve
Poincare´ group as an external ”source”.
If we expand the field equation ((6.1) in the static soliton LCR-structure, we
have to solve a problem analogous to the electromagnetic field in a Kerr black
hole, which has been solved[6] by Teukolsky. I solved[?] the linearized partial
diferential equations (PDE). Apparently the initial PDEs are not the same with
those of the electromagnetic field, neither the implied ODEs are the same with
the Teukolsky master equations. But there may be bound states, analogous to
the well-known kink-meson bound state. This bound state has to be identified
with the quark, implying the lepton-quark correspondence.
In the linearized Einstein gravity approximation the flatprint null tetrad (??)
has to be used in the linearized PDE of (6.1). Then the singularity of the LCR-
structure implies the existence of a colored current j
(h)
iµ , which has to belong
to the adjoint representation of the colored group. In complete analogy to the
case of the leptonic sector, these currents define the colored quark q(x), which
corresponds to the electron and must belong in the basic representation of the
gauge group. Therefore in every lepton will correspond a quark color triplet and
subsequently in every leptonic family will correspond a hadronic one. Hence,
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the second quantized gluon equation should be
− 1√−gDµ{
√−g[(LµMν − LνMµ)(NρMσFjρσ) + (NµMν −NνMµ)(LρMσFjρσ)+
+(LµM
ν − LνMµ)(NρMσFjρσ) + (NµMν −NνMµ)(LρMσFjρσ)]} =
= γhqγ
νtjq
(6.2)
where tj are the generators of the color group, γ
ν are the Dirac matrices and
γh is the color coupling constant. The Poincare´ symmetry could be preserved
using the collective coordinates method in solitons. But the implied calculations
of the soliton-soliton scattering will be complicated as much as the analogous
solitonic calculations directly in PCFT.
If we initiate the BMP process with the simple gauge field interaction, we
end up with the ordinary QCD, but confinement is lost. Therefore different
phenomenological hadronization procedures are used in order to get the experi-
mental results. Apparently PCFT favors the Lund-string model, because PCFT
implies a linear potential between quarks.
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